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COMMENTS ON CRANKLESS ENGINE TYPES.* 
8 

A s  long as the re  are cy l inder  engines w i t h  crank dr ive ,  

ind iv idua l  constructors  w i l l  s t r i v e  t o  replace it  by tlsimplerrr 

cons t ruc t iona l  elements, e i t h e r  by converting the  p i s ton  motion 

d i r e c t l y  i n t o  a ro t a t iona l  motion, o r  by replacing the connect- 

ing  rods and crank shaft w i t h  kinematic devices. 

o f  these e f f o r t s  are  engines which a re  c o n s t m t l y  becoming more 

complex and sens i t i ve  and which, although they may prove satis- 

f ac to ry  i n  t h e  cons t ruc tor ' s  workshop, may l e a d  t o  ser ious dis-  

appointnents i n  endurance t e s t s  and i n  ordinary r epa i r  shops. 

The r e s u l t s  

The compactness of these engines i s  of some advantage f o r  vehi- 

c l e s .  

disadvantage? because the  engine i s  thus rendered very d i f f i c u l t  

of access ,  while t he  expected saving i n  weight proves t o  be a 

delusion. 

On the  other  hand, however, i t  i s  a very much g rea t e r  

The g r e a t e s t  d i f f i c u l t y  i n  these engines i s  the  lub r i ca t ion  

of the member which replaces  the connecting r o d  and crank shaft. 

The following pages descr ibe the  leading engines of  t h i s  

type which have appeared during recent years. 

*From Wotorwagen, It November 20, 1927. 
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The Michell Cranlcle$s Motor Car Engine* 

One of the  main d i f f i c u l t i e s  o f  the  crankless engine i s  the 

l u b r i c a t i o n  o f  the  wabble p l a t e  ( c a l l e d  " s l an t  p l a t e "  ky Michell) 

and of the tlirust b loqk ,  s ince the  o i l  i s  f i r s t  thrcwn outviard 

by cen t r i fuga l  force and then forced between the t h r u s t  block 

and wabble p l a t e  by the constant pressure ,  and scraped away by 

the  leading edge of  the  t h r u s t  block. 

About twenty years ago, Michell constructed a th rus t  bearing 

f o r  the  p rope l l e r  shafts o f  steamships. In  these the  steady a i d  

uniform d i r e c t  ion o f  the  p rope l l e r  thrast had previously al lowed 

only a small s p e c i f i c  surface loading, requi r ing  very great  

dimensions f o r  the th rus t  c o l l a r .  

Niche11 divided the s t a t iona ry  t h r u s t  collar i n t o  several  

movable t h r u s t  elements ( F i g .  l), the  center  of support o f  which 

d i d  not fa l l  on the center  o f  t h e  bearing surface,  s o  t h a t  when 

i n  motion they t o o k  an inc l ined  pos i t i on  r e l a t i v e  t o  the  direc- 

t i o n  o f  motion, thus allowing the o i l  f i l a  t o  en te r  ketween ?the 

thrust  c o l l a r  and the  t i l t i n g  thrust block. Khile the  t h r u s t  

bear ings w i t h  a r i g i d  horseshoe collar permitted only a load of 

4 t o  5 kg/cm2, the  Michell bearing could support t e n  t i n e s  t h i s  

s p e c i f i c  pressure.  

Figure 2 shows the  appl ica t ion  o f  t h i s  p r inc ip l e  t o  the  

t h r u s t  block o f  Michellts  engine. Between the  p i s ton  and vabble 

p l a t e  there  i s  a hemispherical t h r u s t  block, which adapts i t s e l f  
*Figures 3-6 were taken from "Engineering, October 5, 1923, 

ppe 429-4320 
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t o  t he  d i f f e r e n t  degrees of i n c l i n a t i o n  of the vabble p l a t e ,  and 

which i s  se t  off  the  center  of  the  s l i d i n g  surface. 

support of the  thrust  block, as viewed i n  the d i r e c t i o n  of rno- 

t i o n ,  l i e s  behind the  center  of pressure o f  the  o i l  l aye r ,  about 

which point t he  t h r u s t  block t i l ts .  

and rounded leading edge of  t he  s l i d i n g  surface,  the  o i l  f i l m  

The point  of 

Due t o  the  somewhat r a i s e d  

e a s i l y  ge t s  betaeen the  l a t t e r  and the  wabble p l a t e  and forms a 

wedge-shaped s e c t  ion, 

The hemispherical t h r u s t  block and the  s l i d i n g  surf ace con- 

s is t  of  one p i ece  of s t e e l  with a white-metal l i n i n g  (Fig. 3). 

I n  s p i t e  of t h i s  c lever  construct ion of  the  t h r u s t  block, 

abundant l u b r i c a t i o n  of t he  wabble p l a t e  i s  s t i l l  necessary. 

A gear pump at the bot tom of  the  engine housing pumps the  

o i l  i n t o  a tank,  from which it f l o w s  by grav i ty  t o  the  pressure 

pump, which i n  tu rn  de l ive r s  i t  at 0.35 atm. t o  several  nozzles 

f rom mhich it  i s  sprayed against  the  wabble p l a t e  and cam shaft 

d r ive  (Fig. 4) .  

an o i l  spray i n  the  wabblc-plate housing. 

The aluminum pis tons  a re  thus lub r i ca t ed  by 

The 8-cylinder vehicle  engine shown i n  Figures 3-5 has bat- 

t e r y  i g n i t i o n ,  the  d i s t r ibu tor  being s e t  on the  v e r t i c a l  shaft, 

which a l s o  operates  the  water pump (Fig.  5 ) .  

The weight of  the  engine i s  230 kg which, with an abundant 

use of  l i g h t  metals  could have been considerably reduced, 

a c c e s s i b i l i t y  of the  individual. elements f o r  the  purpose of in- 

spec t ion ,  i s  (according t o  the  b u i l d e r )  b e t t e r  than t h a t  of a 

The 
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normal engine, but i t  is  poss ib l e  f o r  one t o  have a d i f f e r e n t  

opinion a 

The c h a r a c t e r i s t i c s  of  the engine are compared i n  r e  6 

P,K.W. engine, although the Plichell with those of a 16% l a r g e r  

engine reaches a speed of 3000 R.P.N. with an output d f  60 HP. 

The higher  inechanica e f f i c i ency  of t h e  KicbeU engine as compared 

with t h e  normal crank shaft engine i s  worthy of not ice .  

The English manufacturer i s  a l s o  working on the  design of 

a two-cycle Diesel  engine on t h e  spme p r inc ip l e .  An 8-cylinder 

engine,  of 120 mm bore and 136 im s t roke ,  developed 50 HP. at t h e  

normal speed of n = 750 R.P.I.X. and 75 HP. at n = 1000. R.P.X., 

which i s  not e spec ia l ly  remarkable. 

It is  rumored that t h e  English A i r  Xin is t ry  i s  working on 

a crankless  type of  engine f o r  a i r c r a f t ,  through the  hollow shaft 

of which a s m a l l  l t revolver cannonI1 f i r e s ,  t h i s  engine apparently 

being of the  MicheUtype. 

P i s t o n  compressors a re  b u i l t  a l s o  on the  same p r inc ip l e ,  

In England and Anierica endeavors a r e  a l so  being made t o  

apply t h e  fundamental p r i n c i p l e  of t he  Nichell engine t o  heavi ly  

loaded thrust bear ings . 
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The German &fiche1 Engine o f  the  

Xichel Engine CO,, Ltd . ,  Kiel  

5 

This i s  a Diesel  engine working on the  two-stroke cycle ,  

although ,he cy l inder  power is  not generated by a s ing le  p i s ton ,  

t h e  necessary t o t a l  p i s ton  a rea  being subdivided between t h m e  

correspondingly smaller p i s t o n s  with only one common combustion 

chamber. 

work on a crosshead w i t h  t he  bear ings a mounted on each side 

of  i t  (Figs.  7 and 8).  The r o l l e r s  work on the  "pos i t ivef f  cam 

shapes a' when the  engine i s  running. When not running and 

when s t a r t i n g ,  any re t rogress ion  of  t he  p i s tons  is  prevented by 

the  Ilnegaiiveff cam shape b t ,  on which the  corresponding roll- 

e r s  b do not r e s t ,  however, when the  engine i s  i n  operation. 

The housing and t h e  cam shapes s tand s t i l l ,  while the  p i s tons  

and star-shaped cyl inders ,  with the  i n j e c t i o n  valve and f u e l  

pump, revolve. The in t roduct ion  of f u e l ,  l u b r i c a t i n g  o i l ,  and 

cool ing water i n t o  the  revolving cy l inders  i s  said t o  cause no 

d i  f f i c u l t y  . 

The th ree  p i s t o n s  a re  arranged r a d i a l l y  120' apar t  and 

The use of  th ree  small p i s tons  has severa l  advantages: 

1. Very good scavenging, s ince one p i s ton  con t ro l s  the  

exhaust gases,  while two p i s tons  cont ro l  the  scav- 

enging air. 

2, The p i s t o n  diameter of 180 mm €or  powers o f  120 t o  

1000 HP. (obtained by arranging several  radial groups 
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of cy l inders  behind one another ) ,  f a c i l i t a t e s  tge  

temperature control .  

3c The e f f e c t  of the  rec iproca t ing  masses i s  eliminated 

b and the  functioning i s  smooth and uniform. 

The cam shape i s  so  constructed that the pist'ons execute 

four  o r  s i x  working cycles  pe r  revolut ion of the  star-shaped 

cy l inder ,  thus autoinatically reducing the engine speed, (for 

example), from 660 t o  110 R.P.X., which i s  of considerable im-  

portance i n  Eiarine i n s t a l l a t i o n s .  

In  s p i t e  o f  this, a proposed Michel engine of 1000 HP. with 

a propel le r  shaft speed o f  120 R.P.M., weighs about 42,000 kg, 

as against  128,000 kg f o r  a four-stroke-cycle Diesel engine o f  

1000 1.m. at 135 R.PaiL;  t ha t  i s ,  the  Michel engine with 50 t o  

60 kg/HP, i s  near ly  twice as heavy as a submarine Diesel engine 

which weighs 25 t o  30 kg/HP at  350 t o  450 revolut ions per  minute. 

Whether t he  poor  a c c e s s i b i l i t y  o f  t he  inclosed Idichel en- 

gine with i t s  revolving f u e l  pumps and nozzlea; w i l l  give any 

t roub le  i n  an endurance t e s t ,  and whether ( e spec ia l ly  i n  the 

case o f  the  l a rge  u n i t s  o f  the  Mgchel engine) it i s  of f - se t  by 

the  saving i n  volume and weight, i s  s t i l l  t o  be proved. In  the 

r ecen t ly  b u i l t  engines the  r o l l e r  bearings i n  the  crossheads a re  

said t o  be replaced by p l a i n  bearings,  evident ly  due t o  d i f f i -  

c u l t i e s  w i t h  the  r o l l e r s .  
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Figures 9 and LO show the  309 HP. six-stroke a i rp lane  en- 

gine of the  Frenchman E,  Laage, Jf t he  1923 type, w i t h  16 air- 

cooled cy l inders  i n  two opposite rows revolving w i t h  the  pro- 

p e l l e r  shaft and w i t h  t h e i r  axe8 p a r a l l e l .  

The opposite p i s tons  a re  fas tened  together  i n  p a i r s  

work by means of a r o l l e r  on the  s tz t ionary  cam shape. 

The engine has also disappeared. 

The I t A l i f l  outboard two-stroke engine, w i t h  four  s t a t iona ry  

ey l inders  p a r a l l e l  w i t h  t he  a x i s  of t he  shaft and four scaveng- 

ing  pumps loca ted  opposite the  working cy l inders ,  i s  shown i n  

Figures 11-13 (V.D.I. - " Z e i t s c h r i f t  des Vereines deutscher In- 

genieure,  If 1925, p.1405). 

t he  pump cyl inders  l i e s  the  wabble ? l a t e  which here,  however, 

has no r o t a t i o n a l  motion, but only a , p e c u l i a r  o s c i l l a t i n g  mo- 

t i o n ,  by vrihich each point o f  the  circumference passes  through 

i t s  lowest and highest  po in t s  once during eacB revolut ion of t h e  

Between the  working cy l inders  and 

engine shaft. 

by two thrust ball  bearings t o  the  engine shaf t .  

This motion of t he  wabble p l a t e  i s  t ransmit ted 

Although t h i s  engine s k i l f u l l y  e l iminates  the  d i f f i c u l t l y  

l u b r i c a t e d  revolving thrust bearings and thus permits the  ex- 

pec ta t ion  tha t  i t  w i l l  work well ,  it has not yet come i n t o  

commercial use. 

The American Experimental Ins f - l tu te  f o r  Aviation b u i l t  a 

four-stroke-cycle au ia t ion  engine of  the  same, o r  a very similar 
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type with t en  p a i r s  of opposite cy l inders ,  but abandoned it on 

account of d i f f i c u l t i e s  with the  thrust bearings 

Figure 14  shows the  American Fa i r ch i ld  Caminez 150 Kp. air- 

plane engine o f  1928. I n  t h i s  cons t ruc t iona l  type (by nQ neans 

new), the  p i s tons  ac t  d i r e c t l y  on a lenniscate-shaped cam which 

makes only one revolut ion f o r  every two working cycles  of the  

p is ton .  

t o  ha l f  the  hypothet ical  engine-shaft speed. The lemniscate- 

shaped cam permits ,  furthermore, per fec t  balancing of the  fiiasses 

and equal working s t rokes  i n  the  opposite cylinders.  

The propel le r  speed i s  therefore  autoiilatically reduced 

The light-metal p i s tons  a re  connected by s t e e l  l i n k s ,  s o  

t h a t  they cannot get away from the cam. 

a bronze bushing. 

The p i s ton  pin l i e s  i n  

The constructor  o f  t h i s  cam-type engine did not have a 

f r e e  hand i n  the  choice of  the  cyl inder  s t roke and bore, these 

being es tab l i shed ,  f o r  a dc;;sired s t roke volume, by the  most fav- 

orab le  stroke-bore r a t i o ,  whereby the  bore i s  always g rea t e r  
1 

than the  stroke. 

The data f o r  the  Fa i r ch i ld  Caninez engine are:  

Stroke,  115 rnrn 

Bore, 143 It 

Compression r a t i o  E = 5.2 

N = 150 Hp. at n = 2400 R.P.M. (p rope l l e r  speed 
1200 R.P.M. ) 
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Flying weight without s t a r t e r  but with propel le r  hub 

164 kg, o r  about 1.1 kg/HP. 

SBeel cyl inders  with alwliinmi heads screwed on hot .  

Only one rocker f o r  each exhaust and in take  valve 

on the propel le r  shaft, which revolves at h a l f  

t h e  speed of t h e  engine shaft. 

Lubrication by pressure punp, a scavenge pump forcing 

t h e  o i l  through a f i l t e r  back i n t o  the  o i l  tank. 

I n  s p i t e  o f  t he  very high perforuance o f  20.5 HP./ 

l i t e r  f o r  air-cooled engines,  i t s  weight o f  1.1 

kg/HP i s  not p a r t i c u l a r l y  low. 

An obvious disadvantage o f  t h i s  engine i s  t h a t  it requi res  

very accurate mounting, s ince too grea t  a clearance between 

p i s t o n s  and cam, by reason o f  the absence of  a damping o i l  

l a y e r ,  r e s u l t s  not only i n  a great  noise  but also i n  a rapid 

wearing of t he  rollers, The advantage o f  l o w  propel le r  speed 

i s  not great  enough t o  warrant such an expensive and sens i t i ve  

type o f  construction. The norinal clearance between cam and 

r o l l e r s  i s  0.4 mni, though the  engine i s  said t o  be able  t o  

func t ion  with 0.9 clearance. 

I n  t h i s  connection, we should mention s t i l l  ana-laher English 

engine (Fig. 151, i n  which the  p i s tons  work through claw and 

rocker arcis on the pecu l i a r  engine shaft, whose t h r e e  port ions 

r e  volve i n  two inc l ined  binding pieces.  The constructor  i s  i n  
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opposi t ion t o  t he  fundzilcntal r u l e  t h a t  the  engine shaft should 

c o n s t i t u t e  the  backbone o f  an engine and should accordingly, be 

as r i g i d  as possible .  

He sees an advantage i n  the  f a c t  t h a t  the  engine shaft i s  

not  under the  cy l inders ,  but t o  one s ide ,  where i t  can be e a s i l y  

inspected. Thus the  height of the  engine i s  reduced, which, i n  

the  inventor ' s  opinion, predes t ines  t h i s  engine f o r  a i r c r a f t ,  

while the  smaller connecting rod o s c i l l a t i o n s  should obviate the  

need of crossheads i n  l a r g e  Diesel engines. 

An i n t e r e s t i n g  and complicated example of  a crankless  engine, 

f r o m  both the  kinematic and construct ive poin ts  of  view, was 

b u i l t  a few years  ago i n  America, namely, the ITedoma-Najder 

a i rp l ane  engine (Fig.  16), i n  which the  cyl inders  and the  wab- 

b l e  p l a t e  both  revolve. 
t 

The s t a t iona ry  hollom shaft W r e s t s  at both ends o f  t h e  

engine on the  bearings A, Around it  revolve the  f i v e  cyl inders  

2 ,  and the housing G, which c a r r i e s  the  flange IT, f o r  the  

p rope l l e r  hub. Tile housing revolves on the  hol lorv shaft W, i n  

long bushings and i n  a b a l l  bearing A,  at  the propel le r ,  A 

bushing provided with a toothed gear 

f r o n t  end of  the  revolving housing, 

p lane tary  gear Z,, which t r a n s f e r s  i t s  motion t o  the geared 

bushing Z3, which revolves at the  sxme speed as the  housing 

G ,  but i n  the  opposite d i r ec t ion ,  The bushing B ,  i s  keyed t o  

Z,, i s  screwed t o  the  

Z, llieshes w i t h  the  f ron t  
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Z3, on which the  wabble p l a t e  revolves on two ball bearings,  

being c a r r i e d  along by the  arm 

housing. 

C, which i s  at tached t o  the 

Due t o  the opposite motions o f  the  bushing B, and the  

wabble p l a t e  T ,  the  l a t t e x  passes  during each revolu t ion ,  

through i ts  maximum and minimum dis tance from each of  t he  f i v e  

cy l inde r s ,  executing thereby a complete working cycle i n  each 

cy l inder  f o r  each revolut ion o f  the  housing. The f i v e  aluminum 

cyl inders  o f  70 ma diameter and 86 mi s t roke ,  a r e  each con- 

t r o l l e d  by a s ing le  s l i d e  valve. The s l i d e  va,lves are made o f  

c a s t  i ron  and the  p i s tons  a re  made of aluruinum. 

The s l i d e  valves a re  actuated by f i v e  shafts provided with 

h e l i c a l  grooves, which i n  t u r n  have f i v e  gears  which mesh i n  a 

gear rim at tached t o  the  s t a t iona ry  hol low shaft. Two of these 

gea r s  a l s o  operate the  two o i l  punips, 

With this  monstrous construotion the  inventor thought t o  

produce a l i g h t  a i r c r a f t  engine which, at  n = 1400 R.P.M. and 

N = 40 HP., would weigh about 74  kg, corresponding t o  1.83 

Translat ion by 
National Advisory Coinniittee 
f o r  Aeronautics. 
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Thrust c o l  

o i l  l a y s r  

F i g s .  1,2 

+--lines o f  f l o w  o f  the  o i l .  
- _ _  - - .. l i n e s  o f  equal pressure, 
Xi c z n t e r  of pressure. 

F i g . 1  Xichell  thrust bearing f o r  s h s f t s  o f  sh ip  engines .  

P is ton  
I 

F i g .  2 Michell t h r u s t  bsar ing  i n  crankless  engine. 
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Michell  ?dotor 8 ( 8 4  $ x  90)=4, 1 - -- 
Americaii rxotor car E ( 8 8  1$x127)=4.6$ 1.- - - -  - 

F i g . 6  Con?parison betwser, X ichs l l  engine and American 
rrotor  car engine.  






